Abstract: We show numerically a significant depletion of the density of optical states in disordered three-dimensional network structures. The pseudo photonic band gap is likely produced by short-range order and uniformity of local topology.
Introduction
Photonic crystals (PhC) with well-defined periodicity are known to produce photonic band gap (PBG) through Bragg scattering and interference. They can mold the flow of light and enhance light-matter interaction. The threedimensional (3D) PhCs provide the ultimate control of light transport and localization. However, it is very different to make 3D periodic structures with current nanofabrication teniques. The structural defects introduced unintentionally during the farbication process and diminish the PBG.
Althought most studies on PBG have focused on periodic structures, complete PBG was shown numerically in 3D photonic amorphous diamond (PAD) structures that lack periodicity. [2] . Recent study also shows that 2D disordered structures can produce complete PBG [1] . It is argued that structural hyperuniformity, uniform local topology and short-range order are essential for having a complete PBG in such structures.
Here we demonstrate a new method to generation 3D network structures, which is different from that of PAD structure. Our generation method allows gradual variation of the order parameter in the network structures. We calculate the density of optical states (DOS) in such structures. In this paper, we present the results of 3D network structures generated from the maximally-jammed spheres. The DOS, calculated by the finite-difference time-domain (FDTD) method, displays a dramatic reduction within certain frequency ranges. In contrast, the closely-packed monodisperse spheres of same filling fraction and refractive index contrast do not show any reduction in DOS. We fine-tune the structural parameters to optimize the pseudo-PBGs in the 3D network structures.
Structures generation
We develop a new method to generate the 3D network structures. Different from the PAD structures generated from "continuous-random-network" (CRN) of diamond like tetrahedral-bonding configurations, we first produce the packed structures of monodisperse spheres. By varying the packing density of spheres, we can control the degree of positional order. The maximally-jammed structures, shown in Fig. 1(a) , have the highest degree of order among all configurations of randomly-packed spheres.
The positions of sphere centers are used as seeds to generate the network structures. First, we perform tyhe 3D Delaunay tessellation of the spheres' center positions. The closest 4 spheres are grouped together to form a tetrahedron. Next, we calculate the center of mass for each tetrahedron and set this point as one junction position in the 3D network structures. Finally we connect all the junction points by dielectric rods of uniform cross cross section. By varying the raidus of the ciruclar cross section of dielectric rods, we tune the filling fraction of air.
Numerical simulation results
We calculate the DOS using the order-N method [3] . In the following we present the results of network structures generated from maximally-jammed spheres. For comparison, we first calculate the DOS in jammed spheres. More
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JTuI33.pdf specifically, 1000 air spheres are embeded a dieletric host of refractive index n = 3.6. The filling fraction of air is 60%. As shown by the blue curve in Fig. 2(a) ), there is no reduction of DOS. Then, we generate the network structures from these configurations, the refractive index of the dielectric rods n = 3.6, and the background is air. The radius of rods is adjusted such that the filling fraction of air is 60%. Red dashed line in Figure 2(a) shows that the dielectric network structures have significant reduction in DOS, as compared to the air-spheres in dielectric host. Although both structures possess short-range order, their ability of depleting DOS is dramatically different. This difference is likely due to the uniformity of local topology of the the network structures which are made of dielectric bars with uniform radius, while tthe packed-sphere structures have more variations in the distribution of dielectric materials. Next, we repeat the calculation of DOS for the network structures with different filling fraction of air. From Fig. 2(b) , we can see that at higher filling fraction, the network structures can produce larger reduction of DOS. The maximal depletion of DOS is reached at the filling fraction of 80%.
(a) 3D close-packed spheres structure.
(b) 3D random network structure. (a) Blue solid line shows the calculated DOS of closely-packed air-spheres in dielectric host. Red dashed line is the calculated DOS of the dielectric network structures in air. In both structures, the refractive index contrast is 3.6, and the air filling fraction is 60%. In summary, we demonstrate a new method to generate 3D network structures that can produce significant PBG effects. Such structures offer the possibility of achieving light localization in 3D systems without periodicty or quasiperiodicity.
